As an emerging technology that integrates multidisciplinary and multi-technology, Automated Driving is triggering a new round of scientific and technological revolution and industrial transformation, thus attracting the attention of all countries in the world. Based on the Derwent patent database, this paper collects relevant patent information related to Automated Driving from 1998 to 2016 by using software tools such as patent measurement and CiteSpace, and empirically analyzes the temporal distribution, structural distribution, hotspot and frontier technologies, and geographical distribution of automated driving. The study found that automated vehicles have rapidly developing in the past 5 years, which indicates that the technical innovation of automated driving is in an emerging stage. There are geographical differences in innovative activities and capabilities in the field of automated driving. The United States has the absolute competitive advantages, while each country has different technological innovation capabilities in different technical fields. Finally, this paper puts forward some suggestions of our country to develop the technology and industry of automated driving in the future.
Introduction
With the rapid development of information technologies such as Big Data, Artificial Intelligence and Internet of Things, the emerging multi-disciplinary and interdisciplinary emerging technologies are setting off a new wave of technology.
Automated Driving is a technology that enables vehicles to travel safely and reliably on the road with on-board sensors, artificial intelligence, visual compu-State Council issued "Made in China 2025", clearly pointing out that it is necessary to master the overall Automated Driving technology and various key technologies by 2025 [1] . The "13th Five-Year Strategic Industrial Emerging Industry Development Plan" promulgated on December 19, 2016 sets forth the goal of accelerating the application of intelligent technologies in electric vehicles and developing smart automated vehicles [2] . So it's necessary to accelerate the development of automated driving technology, to strengthen the top-level design, build a sound system of innovation, speed up technological innovation, and advance the advent of the era of automated driving. Therefore, based on the Derwent patent database as the analysis data source, this paper analyzes the patent distribution features of the technology by using patented measurement and CiteSpace software tools and other methods to reveal the development trend of global automated driving technology and the advantages and disadvantages of technological innovation in various countries, but also provide scientific decision-making basis for the development of automated driving in our country.
Data Sources and Research Methods

Data Sources
The research data of this paper come from Derwent Innovation Index (DII). The reason why choosing this database is that the Derwent Patent Database is a [3] . Besides, the patent information covered by this database is highly scientific and highly authoritative. Therefore, using Derwent database as the source of data in this article can ensure the adequacy of data, reliability, research rigor and accuracy. Based on the retrieval results of Derwent Patent Index from Web Of Science, the article uses "keyword search" TS = ("Self-Driving car *" OR "Automated car *" OR "Automated vehicle *" OR "Self-piloting automobile *" OR "automated car *" OR "automated vehicle *" OR "automated car *"
OR "self-driving vehicle *" OR "self-driving automobile *" OR "automated vehicle *" OR "self-piloting vehicle *") as the search content, the "time range" is set as "1998-2016" and the search time is November 27, 2017. And a total of 2137 data were retrieved. The retrieval strategy is shown in Table 1 .
Research Methods
Visual Analysis
Based on patented analysis, this study draws a patent map of Automated Driving [4] . Combining with the scientific knowledge map, it can help researchers and audiences more intuitively understand and predict the development trend in the field of technological innovation. CiteSpace is an information visualization software developed by using Java language [5] .
Patent Portfolio Analysis
Then, this study draws on the concept of patent portfolio analysis through the establishment of "Relative Patent Position-Revealed Patent Advantage" of the combination of indicators to monitor and evaluate the automated driving technology in the world countries, identify the core competition in the various competitors force, and then to analysis of innovation in specific areas [6] . Among them, the relative patent position (RPP) = the number of patentee's patent/the Table 1 . Automated driving technology patent search strategy.
Data Sources Derwent Innovation Index
Patent Search Terms TS = ("Self-Driving car*" OR "Automated car*" OR "Automated vehicle*" OR "Self-piloting automobile*" OR "automated car*" OR "automated vehicle*" OR "automated car*" OR "self-driving vehicle*" OR "self-driving automobile*" OR "automated vehicle*" OR "self-piloting vehicle*") [7] . Table 2 shows [10] .
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Specifically, the proportion of patents in each subdivision technology field of automated vehicles is shown in Figure 2 . It is not difficult to see that the global technological innovation activities in the field of automated driving are different.
The number of patent applications in path planning and precision positioning technology accounts for more than half of the total number of patents. Among In order to explore the time distribution and evolution process of technological innovation in the various fields of automated, we analyzed the related patent changes in various fields, such as Figure 3 . As can be seen from the figure, 2010 Table 2 . Subdivision technical field.
Technical field Meaning
Environmental perception Collection and processing of environmental information, including road boundary monitoring, vehicle detection, pedestrian recognition, etc.
Precise positioning Precise measurement of position through sensor information, GPS, and high-precision maps, etc.
Path planning
Based on the perception and location of environmental information, the route can be planned according to the search algorithm to achieve automated navigation, which is the central decision system of the automated driving vehicle.
Motion control
Control the vehicle's driving track on the basis of path planning, including longitudinal control and lateral control. nology area is greater than the average, it means that its growth rate is faster than that of other technical fields, otherwise, it is in a relatively backward state.
As can be seen from Figure 4 , the number of patent applications in the field of path planning and precision positioning technology occupies the first and second place, respectively, indicating that they are currently the dominant technology areas. Meanwhile, the two technology areas have relatively high relative growth rates, especially the relative growth rate of precision positioning ranks first among the five major technical fields, is likely to become the key technology areas of automated driving in the future and strategic high ground in technological competition in various countries. Secondly, the relative growth rate in the area of environmental perception and motion control is no less than 1, but the number of patent applications is slightly lower than the average, indicating that these two areas belong to the low total number of patents and the high relative growth rate, which has a larger development space in the field of automated driving, and is likely to become the leading technology in the future. The number of patent applications and the relative growth rate in the field of network communications are the lowest among the five technical fields, indicating that the field of network communication technology may still be in a sporadic exploration stage, and the technological innovation is less active.
Key Technologies and Frontier Analysis in the Field of Automated
Driving Different technical codes can characterize different technical innovation capabilities [11] . In this study, automated driving patents from 1998 to 2016 were used as the original data source, and CiteSpace was used for statistical analysis and processing. The key nodes in the network can be judged by the frequency and centrality of the nodes. The higher the node frequency is, the more important it is to represent the corresponding technology. The higher the centrality is, the more important it is to represent the position of the node in the network. When using CiteSpace software for data analysis, it is necessary to convert the patent data of 2137 automated driving technologies in the time domain into a system-recognized data format and set related parameters: "Year Per Slice" is set to "1" the type selection "category", keyword source selection "title, abstract, author keyword, keyword", threshold (2, 2, 23), (4, 3, 23 ) and (4, 3, 23), respectively, corresponding category frequency, co-occurrence frequency, the minimum similarity coefficient between words and the highest frequency of occurrence of 20 nodes node data each year. The automated driving knowledge map shows in Figure 5 . There are 244 nodes and 969 connection lines, and the network density is 0.0327. Each node in the graph represents a technical category, and the larger the node, the more corresponding number of technology types in the corresponding period.
1) Key Technical Analysis
In a co-word network, the shortest path that passes through a node and connects the two points accounts for the ratio of the total number of the shortest path lines between these two points, which is called Betweenness Centrality [12] .
The more intermediary information channels between nodes and other nodes, and the more occurrence frequency of co-occurrence in the network [13] .
Therefore, the more intervening nodes with stronger betweenness are generally considered as nodes of great research value and key technologies in the research field. Based on Derwent manual code, we analyze the patents related to the field of automated driving technology, and combine the five major subdivision technologies, select the patent codes of the top 10 in every technology field and the betweenness centrality respectively, as shown in Table 3 . From Table 3 
2) Cutting-Edge Technology Identification
By using the word frequency detection technology provided by CiteSpace software, the frequency change rate is extracted by analyzing the temporal distribution of word frequency. The frequency change rate is expressed as Burst, and the stronger the degree of burst is, the higher the rate of word frequency change is [10] [14]. Thus we can characterize the technological frontiers and trends. Therefore, we use burst detection to identify emergent technologies in the area of automated driving to unveil the dynamics of technological innovation, just shows as Table 4 . and portable terminals and wireless networks (T01-M06A1).
National Distribution of Technological Innovation Activities
Country Analysis of Patent Applications
The number of patent applications is one of the indicators to measure the characteristics and innovation ability of a country's technological innovation activities. From Figure 6 , the global patent for automated driving technology is mainly distributed in the United States, Japan, China, South Korea and Europe.
The first rank is the United States with 915 patent applications, in a leading 
Patent Portfolio Analysis
Patent portfolio analysis can be used to identify the core technology competencies of the relevant patent subjects, so as to analyze the technological innovation Table 4 and Table 5 .
It can be seen from Table 5 and Table 6 
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